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Abstract. The introduction of the AQC boiler has complex effects on the temperature of Tertiary air, 
traditional PID is difficult to achieve the effective control. Combined the method of the conventional 
PID with the fuzzy control theory, a fuzzy self-tuning PID controller is designed. Compared with 
traditional PID, results of simulation show that the fuzzy PID controller improves not only the 
adaptability and robustness of the system, but also the system's static and dynamic performance.  

Introduction 

The heat of low temperature boiler comes from the Rotary Kiln’s waste gas, the gas’s temperature 
and flux will influence the process of cement production. The AQC boiler is located at the head of the 
Rotary Kiln. The heat source of the boiler comes from the Grate Cooler’s waste gas, which is also the 
source of Tertiary air. Because of the introduction of the AQC boiler, the control of Tertiary air’ 
temperature is more complicated [1].In order to solve this problem, a fuzzy self-tuning PID controller 
is designed. Based on the fuzzy self-tuning control theory, the temperature’s error e(t) and error rate 
of change ec(t) are chosen as inputs. The values of PID parameters are given according to e(t) and ec(t) 
in different time, so that there is a better control on the temperature of Tertiary air.  

Analysis of Control Object 

Technological Principle of Grate Cooler. The clinker with the temperature of 1350℃ flows 
from the Rotary kiln into the Grate cooler. In this process, clinker is cooled by high-pressure cold air 
that comes from the blowers below the Grate cooler [2]. The grate cooler can be divided into three 
parts: The clinker is quenched at high temperature zone, the waste air is the source of Secondary air 
and Tertiary air; Medium temperature zone is the recovery zone, waste air flow into the AQC boiler 
from this area; Low temperature zone has a further cooling of clinker. 

 
Control Object. Based on a specialized product line, the exports of high temperature air are 

located at medium temperature zone and low temperature zone. There are two valves to control the 
flux of the air. The former export is near to the high temperature zone. If the opening degree of the 
valve is too large, most of the hot air will flow into the AQC boiler, the temperature of Tertiary air 
will be decreased. Compared with the former export, the later export is far from the high temperature 
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Figure. 1   Technological Principle
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zone, which has almost no influence on the temperature. According to the analysis, the valve of the 
former export is chosen as control object. 

Controller Design and Simulation 

The theoretical analysis and experimental results show that: The temperature of Tertiary air is an 
object with self-balance ability, which can be described as a second-order model with pure lags. After 
identification, it can be identified to a first-order model [3]. The transfer function can be described as: 
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The curve of the Tertiary air’s temperature is shown in Figure 2. 

 
                                                         0            200s          400s    t 

 
We can get the parameters from flying-rising curve: τ=135s,T=150s. 
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Design of Conventional PID Controller.  Set the temperature’s error e(t) as the input of the PID 
controller, set the former valve’s opening degree u(t) as output. 
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Using difference equation: 
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Parameters can be get from the transfer function: K=1.25,T=150s,τ=136s. 
According to the rule of Ziegler - Nichols parameter tuning [4]: 
Kp =1.2T/τ=1.33, Ti=2τ=272s, Td=0.5τ=68s. Ki=Kp/Ti=0.00488, Kd=Kp·Td=90.44. 
Create the PID controller in Simulink. The given temperature is 900 ℃, the simulation result is 

shown below: 
Design of Fuzzy Controller. The inputs of Fuzzy controller [5] are error e(t) and error rate of 

change ec(t), the output is the former valve’s opening degree u(t). The range of the Tertiary air’s 
temperature is between 850 ℃and 950 ℃, the domain of  e(t) is [-50,50], the domain of  ec(t) is [-2,2]. 
Fuzzy sets: E = {-6, -5, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6}, EC ={-6, -5, -4, -3, -2, -1, 0, 1, 2, 3, 4, 5, 6}. 
The domain of the valve’s opening degree is {-10%, 10%}, fuzzy sets U = {-3, -2, -1, 0, 1, 2, 3}. 
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Figure. 2   Flying-Rising curve 
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The membership functions of variables are as follows: 

 
 
Construct a fuzzy controller in MATLAB Fuzzy Logic Toolbox, control rules are expressed in the 

form of if-then. Figure below shows the simulation of the system by given a value of 900 ℃. It can be 
seen from the figure that the stability of the system is enhanced, and the time of adjustment is reduced, 
but there is a steady- state error. 

 
 
Design of Fuzzy PID Controller. The fuzzy controller uses two-dimensional controller called 

Mamdani. Fuzzy control decision uses the Max-Min, the process of defuzzification uses the method 
of Centroid. Fuzzy control rules shown in the tables are used to modify the PID parameters [6]. With 
the estimates of e(t) and ec(t), we can adjust the PID parameters Kp,Ki,Kd as follows: 

' '{ , }p p p p pK K E EC K K K= + = + Δ                                                                                                              (5) 

' '{ , }i i i i iK K E EC K K K= + = + Δ                                                                                                                         (6) 
' '{ , }d d d d dK K E EC K K K= + = + Δ                                                                                                                   (7) 

K’p= Kp =1.33, K’i = Ki,=0.00488, K’d= Kd =90.44. The fuzzy controller use e(t) and ec(t) as inputs, 

pKΔ iKΔ dKΔ   as outputs. The control rules are summarized as follows: 

 Ec 
E PB PM PS ZO NS NM NB
PB PB PB PB PB PM ZO ZO
PM PB PB PB PM PS ZO ZO
PS PM PM PM PS ZO NS NM
ZO PM PM PS ZO NS NM NM
NS PS PS ZO NS NM NM NM
NM ZO ZO NS NM NB NB NB
NB ZO ZO NM NB NB NB NB
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Figure. 4   Membership function of E and Ec Figure. 5   Membership function of U

Figure. 6   Response curve of Fuzzy control 

Table 1   Temperature Control rules

Table 2   Adjustment Control rule table of ΔKp Table 3   Adjustment Control rule table of ΔKi

Figure. 3   Response curve of PID control 
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As seen from the curve, overshoot δ% = 0, steady-state error ess = 0. 

Summary 

Fuzzy self-tuning PID controller has features of simple method and flexible adjustment. 
Simulation results show that the fuzzy PID controller has strong parameters self-tuning adaptive 
ability and better robustness.  
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Table 4   Adjustment Control rule table of Δ

Figure. 7   Response curve of Fuzzy PID 
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